Objective: Thirty-day hospital readmission rate is receiving increasing attention as a quality-of-care indicator. The objective of this study was to determine readmission rates and to identify factors associated with readmission among persons living with HIV.
Introduction
Readmission to a hospital within 30 days is common in the general US population. For adults under 65 years of age, the 30-day readmission rate for all causes has been estimated at 13.3% (extrapolated from Wier et al. 2008 ) [1] , and for Medicare beneficiaries 65 and older, at 19.5% [2] . The rate of readmission among persons living with HIV (PLWH) may be relatively high given the multiple complications of HIV, potentially toxic drug regimens, and social marginalization of many PLWH. Data on 30-day readmissions in HIV are limited to a single-site study, which reported a rate during 2006-2008 of 25.2% [3] .
Thirty-day readmission rates are increasingly becoming a benchmark for hospital quality of care and reimbursement [4] [5] [6] [7] . A basis of comparison specific to HIV will be important to clinicians, hospital administrators, and policymakers attempting to create best-practice readmission targets for populations which include substantial numbers of PLWH.
Understanding factors associated with readmission among PLWH may indicate ways to improve care and reduce readmissions. Of particular interest are the reason for the initial (index) hospitalization, CD4 þ cell count, and use of antiretroviral therapy (ART) at discharge. Also of interest is having a postdischarge clinic follow-up visit. Such visits have been associated with decreased risk of readmission among (HIV-uninfected) patients with chronic obstructive pulmonary disease (COPD) and congestive heart failure (CHF) [8, 9] .
This study has two aims. The first is to describe the 30-day readmission rate in a multicenter HIV cohort. The second is to evaluate associations between readmission and clinical factors of interest.
Methods

Patient population and data collection
The HIV Research Network (HIVRN) is a research collaboration that includes 12 sites providing longitudinal HIV care to adult patients in 11 US cities [10] . Sites collect demographic, laboratory, inpatient, and outpatient utilization data, strip these data of identifying characteristics, and submit them to a coordinating center, where they are reviewed and combined. Ethical review boards at each site and at the coordinating center have approved the collection and use of these data.
Nine HIVRN sites for which no readmission data has previously been published were included in this study. These sites collect complete hospitalization data, including International Classification of Diseases, Ninth Revision (ICD-9) discharge codes. Six of these sites had data for 2005-2010, and three had only 2010 data. After preliminary analyses identified no univariate or multivariate associations between readmission and calendar year, data from these three sites were combined with the initial six sites in all final analyses. The nine sites are located in the northeast (3), west (3), south (2), and midwest (1) regions of the United States.
Index hospitalizations and 30-day readmissions
Following the Centers for Medicare and Medicaid Services' methodology, index hospitalizations were defined by the following criteria: being a first-ever hospitalization or being any hospitalization which occurs more than 30 days after the most recent previous hospitalization, and having a live discharge [11] . In other words, most hospitalizations are index hospitalizations; the exceptions are those which are, themselves, 30-day readmissions and those which end in death.
Because of the need to observe 30 days before a potential index hospitalization, hospital admissions prior to 1 February of the first year of hospitalization data were excluded as potential index hospitalizations. Because of the need to observe for 30-day readmissions, index hospitalizations with discharges after 30 November 2010 were excluded.
When an index hospitalization was followed by a 'chain' of multiple readmissions, each with less than 30-day intervals (the overall span of the chain may have exceeded 30 days), all of the readmissions in the chain were excluded from being index hospitalizations.
Same day readmissions were considered readmissions.
Patients were in active care if they had a visit to the HIV clinic and a CD4 þ cell test recorded in a calendar year. Because patients not in active care may have received care at other centers, any available hospitalization records for such patient years (n ¼ 1042) were excluded. Patients could resume active care after a period out of care. Hospitalizations for clinical trials (ICD9 V70.7; n ¼ 87), for rehabilitation (V57.8-V57.9; n ¼ 32), and with illogical dates (e.g. beginning within the span of another hospitalization; n ¼ 9) were excluded.
Independent variables
Factors evaluated for association with readmission included year of index hospitalization, geographic region, age, gender, race/ethnicity, injection drug use (IDU, either alone or in combination with other HIV risk factors), CD4 þ cell count, HIV RNA less than 400 copies/ml, ART (defined as one or more antiretroviral medicines) at discharge, length of stay (LOS), primary insurance, diagnostic category for index hospitalization, and outpatient follow-up. For CD4 þ cell count, HIV RNA, and insurance category, the first values within the year of hospitalization were used. We hypothesized that ART use in the 30 days after discharge may increase readmission risk either through direct adverse effects, through drug interactions, or because of an immune reconstitution inflammatory syndrome (IRIS). ART at discharge was categorized as none, discharge on ART after being admitted on ART, and discharge on ARTwhen not admitted on ART (felt to be the highest risk scenario for toxicity or IRIS). In the second case, the ART regimen need not have been the same on admission and discharge; in the third case, patients may have previously used ART but were not using it on the admission date.
Assigning each hospitalization to a single diagnostic category was done using previously published methods [12] [13] [14] . In brief, the first listed ICD-9 code referring to neither HIV nor chronic hepatitis C infection was defined as the primary code. This code was assigned to one of 18 categories using multilevel Clinical Classification Software from the Agency for Healthcare Research and Quality [15] . The classification was modified in two ways. First, infections were reassigned from organ system categories to the infection category (for example, pneumonia was reassigned from pulmonary to infection). Second, an AIDS-defining illness (ADI) category was constructed from ICD-9 codes according to the 1993 Centers for Disease Control and Prevention criteria [16] . Recurrent bacterial pneumonia was defined as any bacterial pneumonia hospitalization occurring within more than 30 days, but 365 or less days of a previous such hospitalization.
Analyses
For each index hospitalization, a dichotomous dependent variable indicated whether any readmission occurred within 30 days or less. To estimate associations with independent variables, we used repeated measures logistic models adjusted for clustering of multiple index hospitalizations within patient using generalized estimating equations with robust variance estimators.
Supplementary analysis examining the effect of outpatient visits
Including an indicator of any outpatient visit prior to readmission was problematic for the logistic regression analysis as it could introduce time-dependent bias (patients who were readmitted within a few days would have had little chance for a visit). Cox proportional hazard models, with time to outpatient visit treated as a timedependent covariate, can estimate an association without introducing this bias [2, 8] . Time to first outpatient visit (primary HIV or specialty care) that occurred within 30 days, but prior to any readmission, was determined for each index hospitalization. Outpatient visits that occurred on the same day as a readmission were excluded on the premise that the patient appeared for the visit in need of hospitalization. For analysis, outpatient visits that occurred on the day of discharge from an index hospitalization were assigned a follow-up time of 0.1 day; same day readmissions were assigned 0.25 day. We fit Cox models with variance adjusted for clustering of multiple index hospitalizations within patient. However, the proportional hazard assumption was violated (Schoenfeld residuals P < 0.05) for four variables: year of hospitalization, CD4 þ cell count, LOS, and diagnostic category. In order to obtain a valid, fully adjusted estimate, the multivariate Cox model was stratified by each of these four variables. The full, stratified multivariate model results are presented in a Supplementary Table, http:// links.lww.com/QAD/A350. In all analyses, a two-sided type 1 error of 5% was considered statistically significant. Analyses were performed using Stata 12.1 (StataCorp LP, College Station, Texas, USA) [17] .
Results
A total of 19 943 adult patients were in active care for at least 1 year during 2005-2010 at the nine study sites. A total of 5536 patients had at least one index hospitalization, of whom 3926 (71%) were never readmitted within 30 days and 1610 (29%) were readmitted. Patients were more likely to be readmitted within 30 days if they had more index hospitalizations, were female (vs. male), black (vs. white), or had a history of IDU (vs. MSM; Table 1 ).
Among the full patient sample, 15 951 total hospitalizations occurred in 2005-2010. Of these hospitalizations, 303 (1.9%) were not counted as index hospitalizations because they occurred in January of the first analytic year, 224 (1.4%) because discharge occurred after 30 November 2010, and 142 (0.9%) because of death during hospitalization. Of the remaining 15 282 hospitalizations, 11 651 (75.5%) were index hospitalizations; 2252 (14.6%) were first readmissions within 30 days; and 1379 (8.9%) were subsequent readmissions in a chain.
Of 11 651 index hospitalizations, 2252 were followed by a readmission within 30 days, yielding an overall readmission rate of 19.3%. When readmission occurred, 69% of instances consisted of a single readmission, 18% a chain of two readmissions, and 13% a chain of three or more readmissions. The median time to first readmission was 11 days (interquartile range, IQR, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Table 2 lists time-varying patient demographic and clinical factors for the 11 651 index hospitalizations. Thirty-day readmission was more likely when patients had lower CD4 þ cell counts (occurring 26.1% of the time at CD4 þ cell count 50 cells/ml), HIV RNA at least 400 copies/ml, longer LOS (26.7% when LOS !9 days), Medicaid insurance, and were discharged on ART but not admitted on ART. Figure 1 shows 30-day readmission rates associated with the 10 most frequent diagnostic categories for index hospitalizations. Oncologic hospitalizations had the highest readmission rate at 27.8%; however, oncologic hospitalizations comprised only 3.6% of index hospitalizations. ADI had a readmission rate of 26.2%, while comprising 9.6% of index hospitalizations. Non-ADI infection had among the lowest readmission rates (16.6%) but was the most frequent category (26.4% of index hospitalizations). Factors independently associated with readmission included lower CD4 þ cell count and longer LOS. ART use and postdischarge outpatient follow-up were not associated with readmission. The majority of readmissions were for different diagnoses than their associated index hospitalizations. The rate of 19.3% is lower than the 25.2% rate reported from a large HIV clinic in Dallas [3] . One reason for the different rates could be differences in health status. The Dallas population had more index hospitalizations occurring in the setting of CD4 þ cell count less than 50 cells (31 vs. 18%) and more index hospitalizations due to ADI (41 vs. 9.6%).
The independent associations with lower CD4 þ cell count and with ADI indicate that advanced HIV disease contributes more to readmission risk than do demographic factors or complications of ART. Having a low CD4 þ cell count predisposes to frequent illnesses, both infectious and noninfectious [12, 1823] , and an association between lower CD4 þ cell count and hospital readmission has been seen in other studies [3, 24, 25] . From a public perspective, HIV diagnosis, engagement in care, and use of ART at high CD4 þ cell counts may reduce future readmission rates. From the perspective of a patient with a low CD4 þ cell count who has an index hospitalization, immune reconstitution with ART can be expected to reduce future hospitalizations. However, even with good adherence to ART, 30 days may be too short to see an effect. Decreasing the incidence of illnesses probably requires several months [13, 26, 27] , and the most relevant readmission window for assessing quality of care may, thus, be longer than 30 days.
A long LOS potentially indicates a more complicated index hospitalization. Similar to our findings, longer LOS was associated with readmission in the general Medicare population [2] .
The association between having no insurance and lower readmission risk resembles findings in the 2008 HCUP analysis and may reflect economic barriers to seeking any medical care, including presenting to an emergency room or clinic for potential readmission [1] .
Outpatient follow-up visits provide an opportunity to review discharge medications and response to treatment. The lack of association between outpatient clinic followup and lower readmission risk is surprising in light of recent studies that showed such associations among Medicare beneficiaries over 65 with COPD and CHF [8, 9] . The younger age of the HIVRN population may explain the difference in findings. Similar to our results, several general population studies have failed to detect a protective effect of early outpatient follow-up, although these studies have generally examined longer intervals (90, 180, and 365 days) after index discharge [28] [29] [30] [31] .
Confirmatory studies among PLWH are needed. Because outpatient visits may have been preferentially offered to the sickest patients or to those most likely to keep their appointments, prospective trials of increasing outpatient follow-up would provide more reliable evidence.
The majority of readmissions occurred in different diagnostic categories than their associated index hospitalizations. Hence, readmissions may tend to be from issues that present after discharge, or, if signs are present during the index hospitalization, they may not be the focus of attention.
Clinicians may use our findings in several ways. First, the readmission rate in our multicenter cohort may serve as a basis of comparison for assessing quality of inpatient care of PLWH. Second, clinicians may target readmission prevention efforts toward patients with CD4 þ cell count less than 200, with LOS more than 5 days, and for ADI and other high-risk reasons for readmission. Third, increasing early outpatient follow-up visits requires Hospital administrators and healthcare policymakers may use our findings when estimating expected readmission rates at hospital and regional levels. Compared to hospitals that serve few PLWH, hospitals serving more PLWH may have an increased overall readmission rate. Accurate calculation of expected rates is important. The Affordable Care Act has mandated public reporting and payment penalties for hospitals with higher-than-expected readmission rates for common diagnoses among Medicare enrollees over 65 years of age [4- 6, 11, 36] . Readmissions among PLWH will have increasing impact on hospitals' Medicare readmission rates as PLWH, already with a median age of 50 [37] , grow older. The effect will also be highly relevant if public reporting and payment penalties are expanded to new groups, for example to Medicaid enrollees.
Our study is limited by lack of a matched control group of HIV-uninfected individuals. It is possible that our readmission rate exceeds that found for 18-64-year-olds in the HCUP analysis because our findings reflect high local readmission patterns in the cities where our sites are located. However, there are several reasons to doubt this. First are the strong associations with low CD4 þ cell count and with ADI. Second, the interquartile ratio for variation nationwide in Medicare readmission rates between hospital referral regions was only 1.10 [7] , much smaller than the ratio of 1.45 (19.3/13.3%), which exists between our rate and the HCUP rate. Third, though not nationally representative, our sample includes sites in eight geographically distributed cities. These reasons notwithstanding, the implications for public reporting and payment penalties make confirmation of our findings by direct comparison to HIV-uninfected controls important.
Another limitation is the lack of hospitalization data on PLWH who are not engaged in outpatient HIV care. Statewide or national databases may be able to account for such persons. A final limitation is that although our sites make attempts to collect hospitalization data from neighboring hospitals, this may be incomplete. However, an analysis of statewide insurance claims at one HIVRN site revealed that 91% of all hospitalizations occurred at the home hospital [14] . In the Dallas study, 78% of readmissions occurred at the home hospital [3] . Hence, although we feel we are capturing the vast majority of readmissions, our rate may slightly underestimate the true readmission rate.
In summary, we have found a high rate of 30-day readmission among PLWH in our multisite cohort. While awaiting data from additional cohorts, HIV providers may use the 19.3% rate as a preliminary basis of comparison for their practices. Policymakers may note this rate when considering adjustment for HIV in estimating expected hospital readmission rates used in public reporting and reimbursement calculations. The associations of readmission with low CD4 þ cell count and ADI, the lack of association with outpatient follow-up visits or with discharge on ART, and the finding that patients more-often-than-not are readmitted for a different cause than for the index hospitalization, together suggest that the majority of readmissions among PLWH are due to the high frequency of illnesses inherently 2066 AIDS 2013, Vol 27 No 13 
